Introduction
============

The incidence of primary renal malignancies is increasing, with an estimated 61,560 new cases and 14,080 deaths from this condition in the United States in 2015, and over 340,000 new cases and 143,000 deaths worldwide ([@r1],[@r2]). This rising incidence is driven in large part by the growing use of cross-sectional imaging for often unrelated indications. With a greater proportion of renal neoplasms diagnosed incidentally, there has been a resultant stage migration, such that half of all renal neoplasms are stage I at diagnosis ([@r3]). Surgical extirpation remains the cornerstone of management of renal neoplasms greater than 4 cm in size ([@r4]). Conversely, the management of small renal masses (SRMs), defined as a renal neoplasm 4 cm or less in greatest dimension ([@r5]), remains more nuanced. This is driven in part by the approximately 20% likelihood of benign pathology among SRMs ([@r6]), the low metastatic potential of SRMs ([@r7]), and increasing evidence supporting the efficacy and safety of focal ablation and active surveillance in appropriately selected patients. With a rising proportion of renal masses 4 cm or smaller at diagnosis, it is increasingly imperative for physicians to understand the contemporary management paradigm and the long-term outcomes of available management options.

Epidemiology
============

Renal cell carcinoma (RCC) comprises approximately 85% of primary renal malignancies ([@r8]). Over half of renal masses are now diagnosed incidentally on cross-sectional imaging ([@r9]), with 60% organ-confined (cT2bN0M0 or less) at diagnosis ([@r3]). Among SRMs, 95% are localized at diagnosis ([@r7]) with most demonstrating slow growth kinetics ([@r10]). The likelihood of malignancy in a solid lesion increases with size, however up to 20% of neoplasms 4 cm in diameter are benign on surgical pathology, with a higher incidence of benign pathology among smaller lesions ([@r6]). Furthermore, only about 20% of malignant lesions 4 cm or smaller are high-grade on surgical pathology. Based upon these characteristics, SRMs are optimal candidates for active surveillance in the appropriately-selected patient. As the risks of perioperative morbidity and long-term chronic kidney disease (CKD) following partial or radical nephrectomy have become better understood, active surveillance of SRMs has been integrated into the contemporary management paradigm.

Diagnostic work-up
==================

While microscopic hematuria (greater than three red blood cells per high power field) ([@r11]) may be a harbinger of urologic malignancy, only a minority of patients with a cortical renal neoplasm exhibit microscopic hematuria on urinalysis ([@r12]). In fact, SRMs are commonly diagnosed incidentally on abdominal ultrasound (US) or computed tomography (CT) obtained for unrelated conditions. Thin-slice, contrast-enhanced CT is the preferred imaging modality to characterize SRMs, allowing accurate size determination, assessment of baseline attenuation (for example, identifying fat within angiomyolipomas), evaluation for enhancement suggestive of malignancy, characterization of anatomic relationships between the neoplasm and adjacent structures (such as the renal hilum, collecting system, and abutting organs), and evaluation of the contralateral kidney. Magnetic resonance imaging (MRI) can be used if iodinated contrast is contraindicated, or to better characterize complex cystic masses. The risk of malignancy of cystic masses can be estimated based on radiographic appearance using the Bosniak classification system ([@r13]). Cross-sectional abdominal imaging is also necessary for staging purposes, allowing identification of tumor extension into sinus or perinephric fat, tumor thrombus, and retroperitoneal lymphadenopathy. Chest radiography completes staging in the asymptomatic patient.

Management approach
===================

Several SRM management options exist, including active surveillance, focal ablation, and surgical extirpation in the form of radical or partial nephrectomy. Selecting the appropriate management option requires careful consideration of patient and tumor characteristics ([*Table 1*](#t1){ref-type="table"}). Additionally, percutaneous renal mass biopsy has emerged as a useful diagnostic tool in guiding management, especially when considering active surveillance.

###### Patient and tumor characteristics to consider in guiding management of small renal masses

  Management strategy                                                                                              Optimal candidates                                                                                        Contraindications
  ---------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------
  Active surveillance                                                                                              Older patient at high risk of competing-cause mortality (multiple comorbidities, short life-expectancy)   Young, healthy patient (long-term oncologic safety of surveillance is unproven, significant ionizing radiation exposure with periodic imaging)
  Severe renal dysfunction with risk of requiring hemodialysis after intervention                                  Non-compliant patient unwilling to complete necessary radiographic imaging                                
  Patient refuses intervention                                                                                     --                                                                                                        
  Hereditary RCC syndrome with neoplasm \<3 cm (except syndromes associated with aggressive neoplastic behavior)   --                                                                                                        
  Focal ablation                                                                                                   Small, peripheral neoplasm                                                                                Young, healthy patient (long-term oncologic safety is unknown)
  Patient who is a poor surgical candidate who desires treatment                                                   Hilar mass (abutting vessels or collecting system)                                                        
  Patient desiring treatment who refuses surgery                                                                   Larger renal mass                                                                                         
  --                                                                                                               Non-compliant patient unwilling to complete necessary follow-up radiographic imaging                      
  Partial nephrectomy                                                                                              Solitary kidney                                                                                           Coagulopathy
  Pre-existing CKD                                                                                                 Complex anatomy                                                                                           
  Bilateral tumors                                                                                                 Non-compliant patient unwilling to complete necessary follow-up radiographic imaging                      
  Hereditary RCC syndrome                                                                                          --                                                                                                        
  Simple tumor anatomy                                                                                             --                                                                                                        
  Radical nephrectomy                                                                                              Complex tumor in setting of normal contralateral kidney                                                   High risk of post-operative CKD or end-stage renal disease
  Older patient with comorbid conditions at elevated perioperative risk with partial nephrectomy                   --                                                                                                        

The role of percutaneous biopsy
-------------------------------

Traditionally, percutaneous biopsy was not routinely used to guide the management of renal neoplasms due to high non-diagnostic rates (30%) and low specificities (30--60%) ([@r14]). Unfortunately, abdominal CT imaging alone has suboptimal specificity (70--80%) and sensitivity (20%) for malignant diagnoses, as well ([@r14]). Furthermore, cross-sectional imaging cannot adequately distinguish different RCC subtypes ([@r15]). Given these drawbacks to CT imaging, there has been renewed interest in percutaneous renal mass biopsy for guiding management.

Contemporary series demonstrate significantly improved rates of diagnostic biopsies (around 90%) and agreement with surgical pathology (about 92%) ([@r16],[@r17]). Furthermore percutaneous biopsy has a low complication rate (\<5%) with few major complications (\<1%) ([@r15]). The risk of tumor tract seeding is extremely low, estimated at less than 0.01% ([@r15]). Together, these characteristics make percutaneous biopsy a useful tool in selecting appropriate candidates for focal ablation or active surveillance. Furthermore, risk factors for non-diagnostic biopsy have been identified and include neoplasm size under 2 cm, presence of a cystic component, and increased skin-to-tumor distance; evaluating for these characteristics can help identify patients most likely to benefit from percutaneous biopsy ([@r16],[@r18]).

Active surveillance
-------------------

Active surveillance first emerged for the management of renal masses in older, comorbid patients felt to be poor surgical candidates. Observational studies demonstrate slow mean annual tumor growth rates (0.1--0.3 cm per year), with smaller neoplasms demonstrating the slowest growth ([@r10],[@r19]). These kinetics make active surveillance appealing for SRMs, especially among older patients or those with competing mortality risks. Emerging evidence demonstrates satisfactory intermediate-term outcomes with active surveillance. Mason *et al.* prospectively studied 82 patients with a renal mass 7 cm or smaller presumed to be RCC based on imaging characteristics alone. With a median 36 months follow-up, one patient (1.2%) developed metastatic disease while an additional 14.6% of patients progressed to surgery ([@r10]). More recently, Pierorazio *et al.* reported 5-year outcomes from a registry of patients with cT1a disease on active surveillance; at a median 2.1 years follow-up, active surveillance demonstrated non-inferior 5-year cancer-specific survival (100%) compared to surgery or focal ablation (99%) ([@r19]). This group used an annual neoplasm growth rate of 0.5 cm/year or greater, growth to a diameter of 4 cm or greater, or the presence of hematuria as criteria for surgical intervention. Of 223 patients managed with active surveillance, 21 (9%) underwent delayed intervention, all of whom exhibited organ-confined disease of Fuhrman grade 3 or less on surgical pathology ([@r19]). Further follow-up will provide a better understanding of long-term active surveillance outcomes.

Before selecting active surveillance, several patient factors and tumor characteristics must be considered ([*Table 1*](#t1){ref-type="table"}). The risk of morbidity or mortality from an untreated renal mass on surveillance must be weighed against those of surgical intervention. A cohort of patients in the Surveillance, Epidemiology, and End Results (SEER) database who underwent surgery for renal malignancy experienced an increasing incidence of competing-cause mortality with age, such that patients 70 years or older had an estimated 28% 5-year competing risk of mortality ([@r20]).

Active surveillance requires periodic imaging resulting in ionizing radiation exposure from CT scans and an inherent risk of secondary malignancy. This risk is mitigated with the use of ultrasonography, especially once stable tumor size has been demonstrated on serial imaging studies. Active surveillance in young healthy patients is typically reserved for instances in which benign pathology has been confirmed on percutaneous biopsy, or in the setting of a hereditary RCC syndrome. Surveillance is avoided in the non-compliant patient, as those lost to follow-up risk disease progression beyond a curable stage.

Focal ablation
--------------

Focal ablation is a useful approach to treating elderly and extensively comorbid patients, especially for peripheral SRMs located away from vital structures. The American Urological Association (AUA) guidelines list focal ablation as an option for any T1a or T1b renal neoplasm and a recommendation in the setting of comorbidities conferring high surgical risk ([@r4]). Ablation of renal masses is performed by placing probes into lesions percutaneously using cross-sectional imaging guidance or laparoscopically with US guidance. Posterior lesions are typically amenable to a percutaneous approach, whereas anterior neoplasms abutting adjacent organs are typically approached laparoscopically. Hydrodissection has been used by some experienced interventional radiologists to ablate neoplasms abutting adjacent structures such as the colon.

Multiple ablative techniques exist in practice, including radiofrequency ablation, microwave ablation, and cryoablation ([@r21]). Specific tissue effects vary between ablative modalities, but the goal of each is to achieve necrosis of the entire SRM and a very thin rind of adjacent normal renal parenchyma---essentially a negative margin. Regardless of ablative technique, focal ablation is a well-tolerated procedure with a 5--18% complication rate ([@r22],[@r23]). Several retrospective studies have also reported shorter hospitalization, lower estimated blood loss, and less renal functional decline after focal ablation compared to partial nephrectomy ([@r22],[@r23]).

To date however, no randomized prospective trials have compared ablation modalities or compared ablation to surgery. Though based on retrospective studies limited by selection bias and with shorter follow-up, a meta-analysis found higher recurrence rates with focal ablation compared to partial nephrectomy ([@r24]). Challenging the interpretation of this literature however, are varying definitions of recurrence, with some studies using radiographic criteria while others consider only recurrences that are biopsy-proven. Limitations of radiography in identifying true post-ablation recurrences only further complicates the interpretation of these findings ([@r25]).

While single institutional experiences demonstrate excellent cancer-specific survival, such results must be interpreted within the context of marked patient selection bias ([@r23]). Prospective randomized trials comparing partial nephrectomy to tumor ablation are necessary to accurately compare these two treatment modalities and better understand the long-term efficacy of ablation in younger patients. This is especially important in light of evidence suggesting surgical salvage of post-ablation recurrence is technically challenging, often resulting in radical nephrectomy ([@r26]).

Surgical extirpation
--------------------

Surgical extirpation via partial or radical nephrectomy remains the standard of care for cT1a neoplasm, as outlined in the AUA guidelines ([@r4]). Surgery should be strongly considered in healthy patients at low risk of competing-cause mortality, especially younger patients in whom repeated ionizing radiation exposure carries inherent risk ([@r4],[@r27]). Partial nephrectomy is recommended when feasible, due to the lower risk of CKD with nephron-sparing surgery ([@r4],[@r28]). By preserving renal function, it is believed that partial nephrectomy confers a lower risk of subsequent cardiovascular morbidity and overall mortality when compared to radical nephrectomy. However, the evidence to support this hypothesis is conflicting.

### Partial *vs*. radical nephrectomy

Radical nephrectomy was traditionally the gold-standard therapy for achieving optimal oncologic outcomes, while partial nephrectomy was reserved for patients with an anatomic or functional solitary kidney, bilateral tumors, hereditary RCC syndromes with risk of metachronous tumors, and patients with medical renal disease at elevated risk of CKD following radical nephrectomy ([@r27]). In the contemporary era, partial nephrectomy has become standard in the management of cT1 tumors, when feasible. In addition to conferring a lower risk of long-term CKD ([@r28]), partial nephrectomy has been associated with lower rates of cardiovascular events and overall mortality in multiple retrospective studies ([@r28]). However, these studies have been scrutinized for limitations related to their retrospective design, including the biases inherent to patient selection.

To date, only one prospective trial has randomized patients to partial or radical nephrectomy---the European Organisation for Research and Treatment of Cancer (EORTC) trial 30904. Patients with a solid renal neoplasm 5 cm or smaller were enrolled and with a median 9.3 years follow-up demonstrated similar 10-year overall survival between patients undergoing radical nephrectomy (81.1%) and partial nephrectomy (75.7%) ([@r29]). Using an intention-to-treat analysis, radical nephrectomy was demonstrated to be *superior* to partial nephrectomy in overall survival, despite the lower incidence of CKD in patients undergoing partial nephrectomy. Oncologic outcomes were similar between the two groups, though only 12 cancer-related deaths occurred in total. This trial has been criticized for several limitations, including failure to meet accrual goals and the significant number of patients lost to follow-up. Despite these limitations, this remains the only prospective randomized trial comparing outcomes between partial and radical nephrectomy. The lack of survival benefit with partial nephrectomy contradicts findings of prior retrospective studies and has led some in urology to question wide-spread adoption of partial nephrectomy in the absence of a strong indication ([*Table 1*](#t1){ref-type="table"}).

EORTC 30904 also showed a similar incidence of cardiovascular mortality in patients undergoing partial nephrectomy (9.3%) and radical nephrectomy (7.3%) ([@r29]). This may reflect differences in the natural history of medical and surgical causes of CKD. Lane *et al.* recently demonstrated that among patients undergoing partial or radical nephrectomy, those with medical renal disease who developed post-operative CKD were at higher risk of progressive renal function decline and mortality compared to patients without medical renal disease who developed post-operative CKD due to nephron-loss alone ([@r30]). As such, the increased risks faced by patients with predominantly medical causes of CKD may not apply to patients developing post-operative CKD from surgical nephron-loss ([@r31]).

The different morbidity profiles of partial and radical nephrectomy are another important consideration when selecting surgical management. Partial nephrectomy is more technically complex and carries a higher rate of perioperative morbidity compared to radical nephrectomy, mostly secondary to hemorrhage and urine leak ([@r4],[@r29]). The risk of urine leak is greater when treating more complex tumors, as measured with nephrometry scoring ([@r32]). Compared to open surgery, a minimally-invasive approach to partial nephrectomy appears beneficial, with evidence suggesting it has lower rates of perioperative morbidity and blood transfusion, as well as a shorter length of stay ([@r33]). However, these findings may be impacted by selection bias and must be interpreted cautiously. The decision to pursue partial or radical nephrectomy via an open or minimally-invasive approach should be made jointly between the surgeon and patient, taking into account patient factors and preference, tumor characteristics, surgeon experience, and available resources.

The current SRM management paradigm
===================================

The oncologic outcomes of partial or radical nephrectomy in the treatment a SRM are excellent. The management paradigm for SRMs has evolved to include active surveillance and focal ablation out of a growing recognition that not all SRMs are clinically relevant, especially among older patients at a high risk of competing-cause mortality. Indeed, approximately 20% of SRMs are benign, while many malignant neoplasms under 4 cm demonstrate indolent behavior that makes them amenable to active surveillance. Furthermore, partial and radical nephrectomy carry risks of perioperative complications that must be considered when counseling patients.

Among surgical management options, partial nephrectomy is associated with a lower risk of CKD and, given the association between CKD and overall mortality, has been believed to confer a survival benefit relative to radical nephrectomy. However, the only randomized trial to compare partial and radical nephrectomy demonstrated that despite partial nephrectomy being associated with a lower incidence of CKD, it was actually associated with worse 10-year overall survival ([@r29]). These contradictory findings may be secondary to differences in the progression of renal functional decline in patients with surgically-induced CKD compared to medical CKD ([@r30]). Therefore, an individual patient's risk of developing CKD following partial or radical nephrectomy, as well as their overall clinical condition, must be considered when choosing a management approach.

In counseling the patient with a SRM several patient and tumor characteristics should be assessed before choosing the most appropriate management option ([*Table 1*](#t1){ref-type="table"}). Percutaneous renal mass biopsy is a useful tool that should be considered in cases where biopsy results will guide subsequent management ([*Figure 1*](#f1){ref-type="fig"}). Active surveillance is considered in older patients at high risk for competing cause mortality, but among young healthy patients is reserved for only those in whom benign pathology has been confirmed on percutaneous biopsy or in those with a hereditary RCC syndrome.
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Among patients considered for definitive management, focal ablation is typically reserved for peripheral neoplasms distant from critical structures in patients at high surgical risk or who refuse surgery. When selecting between partial and radical nephrectomy, one must first determine whether an absolute indication for nephron-sparing surgery is present ([*Table 1*](#t1){ref-type="table"}). Partial nephrectomy has been increasingly adopted, even among patients with a normal contralateral kidney due to the reduced risk of long-term CKD with nephron sparing. Though EORTC 30904 found no survival benefit to partial nephrectomy, many in the Urologic community favor this option for young patients with long life expectancy and patients at risk for CKD, such as those with medical renal disease. Radical nephrectomy remains an excellent option for patients with complex renal tumors or difficult pelvicalyceal anatomy, and among older patients with co-morbid conditions who may not tolerate potential perioperative complications.

Conclusions
===========

SRMs represent a heterogeneous group of neoplasms, of which only a minority demonstrate aggressive clinical behavior. There is emerging data demonstrating the safety of active surveillance for these entities, though further research is required to ensure satisfactory outcomes are maintained in the long-term. Percutaneous renal mass biopsy has emerged as a useful diagnostic tool to aid in selecting candidates most appropriate for surveillance. Minimally-invasive ablative therapies can be beneficial when surgical risk is high. Among patients selecting surgical intervention, partial and radical nephrectomy provide excellent oncologic outcomes. Though partial nephrectomy has a demonstrated benefit in preserving renal function, there remains ongoing controversy regarding the significance of this benefit with respect to overall survival. Absolute indications for nephron-sparing surgery remain well-defined. For patients with long life expectancy and tumors amenable to nephron-sparing surgery, partial nephrectomy should receive strong consideration.
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